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One of the challenges for
developments in genetic research
is that new information can help
and hinder in the broader scheme
of things. For example, the
insurance industry is based on a
paradox: it benefits from
knowlege in determinig risk, but it
also depends on ignorance. If we
had complete knowledge of
outcomes, life insurance would
become impossible. Those whose
genetic constitution promised
long life would not buy it, and no
one would sell it to those who
really needed it. These are some
of the fears aired in recent efforts
in Britain to establish in law a
person’s right to genetic
confidentiality championed by Sir
John Sulston, who headed
Brtain’s human genome
sequencing effort.
The British government’s
Human Genetics Commission is
now considering proposals for a
law to prevent people being
discriminated against on the basis
of their genetic make-up.
The issue is particularly
pressing, as the country last
month also established the first
national stem-cell bank, called
Biobank. Researchers are worried
that the full potential of the
Biobank and other genetic
research will not be realised
unless patients are confident their
genetic data remain confidential.
The proposed legislation is
designed to prevent the
emergence of a genetic
underclass, where people find
themselves rejected by
employers and unable to get life
insurance.
The proposal comes from
Sulston, the Nobel prize-winning
scientist, who is a member of the
Human Genetics Commission. He
has asked the committee to back
his call for a tough mandate on
genetic equity to prevent medical
data from genetic tests being
misused by companies.
‘With scientists’ rapidly
increasing ability to analyse
genetic information, the time has
come to extend the concept of
genetic equity to all genetic
charactereistics, so as to
guarantee non-discrimination to
everyone,’ the document says.
The proposal was submitted
with the backing of John Harris, a
Manchester Law School professor
and adviser to the British Medical
Association, and Simona Giordino,
a bioethicist at Manchester, both
of whom sit on the commission.
The proposal states: ‘We affirm
that humans are born equal, that
they are entitled to equality of
opportunity, and that neither
genetic constitution nor genetic
knowledge should be used to limit
that equality… this principle
should be incorporated into UK
legislation and practice.’
Concerns are growing about the
situation already developing in the
US, where health insurance is
increasingly confined to those
who least need it. The pressure
group Genewatch welcomed the
proposal. ‘If you have a genetic
test that predicts you might get ill
in the future, currently your
employer could refuse you a job
or restrict your pension rights.
That’s something that should
definitely be prevented by
legislation’, a spokesperson said.
A moratorium is in place to
prevent insurance companies
from using genetic tests, except
for Huntingdon’s disease, to
influence whom they insure and
the premiums charged. But the
agreement is set to end in 2006.
`So there is a clear benefit to
society in ensuring that insurance
is available to everyone.. where
the ability to own a house is
dependent on getting an
insurance policy with your
mortgage,’ one newspaper
commented. 
Suspicion surrounding genetic
tests could be enough to stop
some people from seeking them,
even when it could bring medical
benefit, Sulston believes,
preventing the huge progress
made in genetics in recent years
being exploited to the full.
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What is it? It’s the ear’s built-in
hearing aid. If your cochlea, the
organ of hearing, did not amplify
sounds the mechanical vibrations
would be about hundred times
too small to activate the sensory
hair cells. The cochlear amplifier
describes the collection of
processes that increase sound
vibrations in the inner ear.
Why should we be interested
in such physiological arcana?
Without it you would not be able
to pick out the subtle differences
in frequencies that make up
human speech. Communication
would be difficult. Music would
be dull. In other words, you would
be deaf!
Not to be confused with… The
cochlear microphonic — a
potential measured in the ear —
and ABRs, the auditory brainstem
responses measured from the
neck to identify deafness
phenotypes.
Who discovered it? The idea
has been around since the end of
the 1940s when Thomas Gold
applied radio engineering
arguments to understanding
hearing. Engineers knew that it
was possible to include positive
feedback in the receiver design to
improve sensitivity (a
‘regeneration’ step). This also
made tuning the radio more
selective. At that time,
audiological measurements were
not sensitive enough to provide
supporting evidence for the idea,
and Gold left the field to become
a leading cosmologist. Hallowell
Davis, one of the veteran hearing
researchers was the first to coin
the term in the early 1980s, by
which time experimental
evidence was accumulating that
Gold had got it right.
The importance of ignorance
The need for people to keep their
genetic data confidential is crucial
to help exploit medical advances,
a key British Committee believes.
Nigel Williams reports.
So how does it work? The
secret seems to lie in
understanding how some hair
cells can produce mechanical
forces as well as being sensory
cells. Outer hair cells, exclusive
to the mammalian cochlea,
convert deflections of their
sensory stereocilia into electrical
signals, and almost
instantaneously convert those
electrical signals into changes in
length. Put the two properties
together and bingo! a
microphone, amplifier and
loudspeaker in one. This
mechanism is fast enough to
amplify during every cycle of the
sound wave and may even be
responsible for the sounds that
come out of the ear known as
otoacoustic emissions.
Why is it a such cool idea now?
The phenomenon of rapid length
change produced by electrical
stimulation of an outer hair cell is
termed ‘electromotility’. In 2000,
Peter Dallos and colleagues
cloned the gene for a candidate
motor molecule expressed at high
levels in outer hair cell basal
membranes. The product of this
gene, named ‘prestin’, is a twelve
transmembrane a-helix integral
membrane protein and belongs to
the new SLC26 superfamily of
anion-bicarbonate transporters.
Prestin seems to work by shuttling
chloride ions in and out of a
closed pore region of the
molecule. The prestin knockout
mouse, reported in 2002, is a
hundred times less sensitive to
sound than wild type and
effectively deaf, as predicted for a
component of the cochlear
amplifier. So that should be the
end of it. There are, however, a
number of nagging worries.
Can a prestin-based amplifier
work at acoustic frequencies?
Outer hair cells can certainly be
driven at high frequencies —
above 50 kHz — under
experimental conditions. The
worry is that, in the real cochlea,
the cell has a membrane time
constant — its RC filter — which
may reduce any potential changes
so that they become insufficient
to drive the motor. In vivo,
however, current flows around
cells differently and the potentials
across the prestin molecule could
still be maintained well into the
hearing range.
Is prestin the only motor
molecule in ears? In hair cells
from non-mammalian hearing
organs — in particular in frogs
and turtles — the stereocilia, or
hair bundle, is a force-producing
organelle: if a bundle is deflected,
it pushes back by a small amount.
The stereocilia contain a myosin,
Myo1c, but the kinetics of this
motor protein are much too slow
to work at acoustic rates. The
forces might, however, come from
the hair cell’s mechano-electrical
transduction channel itself.
Calcium entering the channel
seems to gate it shut again. As the
channel is opened by a
mechanical link — the ‘tip link’ —
it seems possible that running the
channel backward through the tip
link may be able to control the
forces acting on the bundle. It has
been proposed, but not
universally accepted, that these
forces might also contribute to the
mechanics of the cochlea.
Why can’t we decide which
mechanism is used? The critical
processes of hearing happen at
frequencies that stretch current
technologies.
Electrophysiological
measurements are tricky at
frequencies much above 5 kHz,
precisely where most of the
difficult issues arise. Mature
cochlear structures are fragile
and not well adapted for tissue
culture study. It is also true that
the cellular biophysics of mature
mammalian hair cells is less well
understood than the properties in
non-mammalian species. The
resolution of how the amplifier
works straddles areas of
computational cochlear
dynamics, systems biology and
cell biology.
Does prestin have any uses
outside of the ear? Not any
obvious ones. But with the advent
of nanotechnology there must be
uses for a biological motor
capable of working at up to
200 kHz. Time to apply for a
patent!
Don’t say... What was that you
said?
Do say... Hearing mechanisms
are subtly different in distinct
animal classes.
Where can I learn more?
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A view of the organ of Corti showing
three rows of outer hair cell and a row of
inner hair cell stereocilia. The cylindrical
outer hair cell bodies can be seen below
the surface. (Photo courtesy of Andrew
Forge.)
